Mitochondrial morphology during preimplantational human embryogenesis.
The structure, distribution, and function of mitochondria during human oogenesis and early development is reported. Oogonia show a sparse and even distribution of mitochondria, which are oval or elongated. Except around nuclei, growing oocytes from small antral follicles have more dense rounded or oval mitochondria, associated with the rough endoplastic reticulum. Mitochondria in fully grown, germinal vesicle (GV) oocytes present an inert appearance, with a dense matrix and a few arch-like or transverse cristae. At this stage mitochondria are usually absent from the cortical part of the cytoplasm. Mitochondria in metaphase I and II oocytes, including fertilized oocytes, present a similar structure, but they are numerous and evenly spread in the ooplasm, associating closely with vesicles or aggregates of tubular smooth endoplasmic reticulum. The most substantial change in distribution occurs at the pronuclear stage, when there is a central conglomeration of mitochondria around the pronuclei in both monospermic and dispermic embryos, which persists up to syngamy. In structure and distribution, mitochondria in blastomeres of 2-16-cell embryos remain virtually unchanged and resemble those of mature oocytes, though perinuclear aggregation can be evident. Mitochondria are usually excluded from meiotic and mitotic spindles but locate peripherally, apparently providing energy for centrosomal, cytoskeletal, and chromosomal activity during cell division. Morphogenetic changes in mitochondrial structure occur in the 8-cell cleaving embryo, the morula and the blastocyst (apparently accompanying the onset of nuclear and mitochondrial transcription), when they become progressively less electron dense and often develop clear areas in their matrices. Elongating mitochondria with inner mitochondrial membranes arranged into transverse cristae appear in expanding blastocysts, in the trophoblast, embryoblast, and endodermal cells. These mitochondria seem to play a role in blastocyst differentiation, expansion, and hatching, with their morphological changes reflecting increased cellular activity.